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OPHTHALMOLOGIC APPLANATION PRISM 
REPLACEMENT SYSTEM 

This application claims the bene?t of US. Provisional 
Application No. 60/443,698, ?led on 13 Jan. 2003, Which 
provisional application is incorporated by reference herein. 

TECHNICAL FIELD 

Eye examining instruments using applanation prisms. 

BACKGROUND 

It is desirable to discard and replace a tonometer prism 
after it has contacted and become Wetted With tears of a pair 
of eyes being examined. Discarding used prisms can prevent 
transfer of bacteria, viruses or prions from one patient to 
another. For this purpose, our previous US. Pat. Nos. 
5,070,875, 6,179,779, and 6,471,647 and our pending appli 
cation Ser. Nos. 09/811,709 and 10/178,987 have suggested 
a feW Ways of making tonometer prisms readily replaceable. 
The desirability of replacing applanation prisms is not 
limited to tonometers. As revealed in our application Ser. 
No. 10/ 178,987, applanation prisms are also useable in 
ophthalmologic instruments examining eyes for purposes 
other than tonometry. 

SUMMARY 

The invention of this application involves an improved 
form of replaceable prism and a neW interaction or interre 
lationship betWeen a prism and a tonometer or other eye 
examining instrument arranged to ensure that the prism is 
replaced after each examination of a pair of eyes. The prism 
and its interaction With the instrument that holds it are aimed 
at loW cost and simplicity so that prism replacement Will not 
be unduly expensive in material, time or labor. Making 
prism disposal and replacement convenient and ef?cient 
helps ensure that prisms Will actually be replaced rather than 
reused With possible risk to patients. 

To accomplish this the invention involves a con?guration 
of a disposable prism that is molded of resin to operate 
Within an applanation instrument having a microprocessor 
and a prism holder into Which the prism is inserted in a Way 
that requires prism replacement before proceeding With an 
eye examination. The prism has a molded element formed to 
extend transversely of a direction of insertion of the prism 
into the holder, and the element is deformable from an initial 
position to a deformed position as the prism reaches an 
operating position Within the holder. The element is also 
con?gured so that its ?rst deformation requires a distinct 
stress not required for any subsequent deformation. Defor 
mation of the element is accomplished by a strain gauge 
positioned in the holder to engage the element and produce 
a signal representing the strain encountered in deforming the 
element as the prism is inserted into the holder. The micro 
processor is programmed to recogniZe the strain gauge 
signal representing the ?rst deformation of the element and 
to proceed With an eye examination only When insertion of 
the prism into the holder causes the strain gauge to produce 
the signal representing the ?rst deformation of the element. 

DRAWINGS 

FIG. 1 is a partially schematic elevational vieW of a 
preferred embodiment of prism and prism holder combined 
With a schematically represented applanation instrument. 
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2 
FIG. 2 is a partially schematic plan vieW of the prism and 

holder shoWn in FIG. 1. 
FIG. 3 is a partially schematic plan vieW of the prism 

holder as shoWn in FIG. 2, With the prism removed. 
FIG. 4 is a plan vieW of a preferred embodiment of a 

prism combinable With a holder shoWn in FIGS. 2 and 3 and 
useable With the applanation instrument of FIG. 1. 

FIG. 5 is a front elevational vieW of the prism of FIG. 4. 
FIG. 6 is a rear elevational vieW of the prism of FIG. 5. 
FIG. 7 is a front elevational vieW of the prism and holder 

of FIGS. 1 and 2. 
FIG. 8 is a partially schematic and fragmentary cross 

sectional vieW of the prism and holder of FIG. 7, shoWing 
the prism being inserted part Way into the holder. 

FIG. 9 is a partially schematic and fragmentary cross 
sectional vieW of the prism and holder of FIG. 7, taken along 
the line 9i9 thereof, and shoWing the prism fully inserted 
into the holder. 

FIG. 10 is an enlarged, fragmentary cross sectional vieW 
of a preferred embodiment of a deformable element for the 
prism of FIGS. 446. 

DETAILED DESCRIPTION 

An eye examining applanation instrument 10, as shoWn 
schematically in FIG. 1 includes an applanation prism 20, a 
prism holder 50 and a microprocessor 60. Instrument 10 can 
be an applanation tonometer such as disclosed in our pre 
vious US. Pat. Nos. 5,070,875 and 6,179,779. Applanation 
prisms and prism holders are also useful in other ophthal 
mologic eye examining instruments for measuring eye prop 
erties other than intra ocular pressure. As explained in our 
application Ser. No. 10/ 178,987, such instruments, can use 
applanation prisms for measuring ocular blood ?oW, tonog 
raphy, and different aspects of intra ocular pressure mea 
surements such as systolic pressure, diastolic pressure, and 
average or mean intra ocular pressure. For purposes of this 
invention, What is important is not What measurement instru 
ment 10 is being used for, but the con?gurations and 
interactions betWeen prism 20, and holder 50. 
A body 11 of instrument 10 is schematically illustrated in 

FIG. 1, because it not only can have many different shapes 
but also preferably uses different shapes for different pur 
poses. For example, body 11 can have one shape When 
mounted on and poWered by a slit lamp microscope, and can 
have a different shape con?gured as a battery poWered, hand 
held portable instrument. Shapes for body 11 made suitable 
for either of these purposes can also vary Widely for other 
reasons involving materials, costs, and appearance. 

Prism 20 is preferably molded of resin material to be 
inexpensive and thus alfordably replaceable. Prism 20 is also 
con?gured to be easily inserted into and removed from 
holder 50 so that discarding prism 20 after each use is 
convenient as Well as affordable. Finally, as explained 
beloW, prism 20 and holder 50 are con?gured so that 
instrument 10 can reliably determine that a previously 
unused prism 20 is positioned in holder 50 before proceed 
ing With an eye examination. This ensures that prism 20 is 
actually replaced for each successive patient. 

For ease of insertion and removal, prism 20 preferably has 
an intregally molded gripping tab 21. An applanation surface 
19 of prism 20 should not be touched or handled as a fresh 
prism is inserted into holder 50, and We prefer that prism 20 
have a gripping tab 21 arranged to be handled While insert 
ing and removing prism 20. The position and orientation of 
gripping tab 21 depends partly on the direction and orien 
tation of the prism insertion and removal motions. Since We 
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prefer lowering prism 20 downward into holder 50 from 
above, We also prefer that gripping tab 21 be conveniently 
arranged to extend upWard from prism 20. In such a position, 
tab 21 is disposed to be gripped by a thumb and ?nger for 
conveniently pushing prism 20 doWnWard into holder 50, 
and for lifting prism 20 upWard out of holder 50 after it has 
been used. Gripping tab 21 can also be con?gured in 
different Ways and arranged in different positions, depending 
partly upon the most convenient Way chosen for inserting 
and removing prism 20. 

The proper location of prism 20 When it is inserted into 
holder 50 is also important. An improperly seated prism 20 
could fail to produce operable results. To prevent this We 
prefer a prism locating and detenting system that not only 
ensures proper seating of an inserted prism, but also lets a 
person inserting the prism knoW When proper seating has 
occurred. For these purposes, preferred prism 20 has a 
location projection 25 that extends doWnWardly from prism 
20 in an opposite direction from gripping tab 21 to locate the 
prism properly in holder 50. A different position or orien 
tation for projection 25 is also possible, especially for a 
prism that is inserted into holder 50 in a different Way. 

Projection 25 also preferably detents or snap locks into 
place When prism 20 is properly positioned. FIGS. 8 and 9 
best shoW this action of location tab 25. Prism 20 is shoWn 
partially inserted into holder 50 in FIG. 8, Where location 
projection 25 is sliding over detent 26. To ease this motion, 
detent 26 has a cammed entry surface 27. After prism 20 is 
fully seated in holder 50, as shoWn in FIG. 9, an aperture or 
opening 30 in locator projection 25 snaps over and locks 
against detent 26 to hold prism 20 ?rmly in an operating 
position. 

Removing prism 20 after it has been used in examining a 
pair of eyes requires pulling back on the loWer tip 29 of 
location tab 25 to release its locking engagement With detent 
26. Prism 20 can then be lifted out of holder 50 by gripping 
and pulling upWard on tab 21. For prism release purposes, 
the loWer end 29 of location tab 25 preferably extends beloW 
the bottom of holder 30, Where it is accessible to ?nger 
pressure releasing projection 25 from detent 26. 
A slot 28 in holder 50 containing detent 26 is angled 

slightly relative to the orientation of tab 25, Which urges 
location projection 25 rearWardly as prism 20 is pushed 
doWnWardly into holder 50. This draWs prism 20 rearWardly 
as it is inserted into holder 50 and ensures that prism port 
surfaces 22 and 23 are draWn snugly and respectively 
against emitter 52 and detector 53, Which are arranged in 
holder 50 as shoWn in FIG. 2. Light from emitter 52 can then 
reliably enter prism port 22 to be incident on applanation 
surface 19 of prism 20 and be partially re?ected to prism 
port 23 and detector 53. Prism ports 22 and 23 are preferably 
identical so that emitter 52 and detector 53 can be arranged 
on either side of prism 20. The amount of light reaching 
detector 53 depends on the siZe of an area of cornea 
applanated by prism surface 19. The operation and affect of 
such a light path is explained in our previous U.S. Pat. Nos. 
5,070,875 and 6,179,779 and in our application Ser. No. 
10/ 178,987. 

There are many different Ways that a prism 20 can be 
detented or snap locked into a holder 50, other than the 
particular detent illustrated. What is preferred for any such 
arrangement is that a detent be positive and noticeable to a 
person inserting prism 20, to indicate that the prism is fully 
inserted into holder 50. It is also preferred that the detenting 
of the prism into the holder be quick and ef?cient, both for 
insertion and removal. The detenting system also preferably 
urges prism 20 rearWardly to insure that prism port surfaces 
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4 
22 and 23 engage emitter 52 and detector 53 in prism holder 
50 for reliable optical operation. The illustrated interlock 
betWeen tab 25 and detent 26 accomplishes these objectives, 
but is clearly not the only plausible solution. Different paths 
of movement for insertion and removal of prism 20 can lead 
to different detent systems that accomplish similar obj ec 
tives. 

The interaction betWeen prism 20 and holder 50 of 
instrument 10 is also preferably arranged to require that 
prism 20 be replaced after each examination of a pair of 
eyes. The interaction proposed by this invention, is a neW 
Way of accomplishing that. The goal is to preclude instru 
ment 10 from examining a neW pair of eyes until a neW 
prism 20 is inserted into holder 50. 

The preferred prism replacement requirement is met by a 
deformable element 40 intregally formed on prism 20 to 
extend transversely of the path of movement folloWed by 
prism 20 as it is inserted into holder 50. Interacting With 
deformable tab 40 is a strain gauge 45 mounted in holder 50 
and communicating With microprocessor 60 in instrument 
10. As prism 20 is inserted into holder 50, deformable tab 40 
encounters strain gauge 45, as shoWn in FIG. 8. As prism 20 
proceeds from a partially inserted position shoWn in FIG. 8 
to a fully inserted position shoWn in FIG. 9, deformable tab 
40 is bent from an initial position shoWn in FIG. 8 to a 
deformed position shoWn in FIG. 9. The bending of deform 
able element 40 requires stress supplied by the person 
pushing doWnWard on grippable tab 21 in the course of 
pushing prism 20 doWn into holder 50. Such a stress force 
is preferably minor and easily achieved by the person 
inserting prism 20. 

Strain gauge 45, Which engages and requires deformation 
of element 40 as prism 20 is inserted into holder 50 produces 
a signal representing the strain encountered in bending tab 
40. This signal is delivered to microprocessor 60, Which is 
programmed to recogniZe a strain signal produced by an 
initial bending of deformable element 40. Any subsequent 
bending of element 40 requires a different and preferably 
reduced strain on gauge 45, Which then produces a distin 
guishably different signal to microprocessor 60. By this 
arrangement, instrument 10 is able to recogniZe reliably the 
insertion of a previously unused prism 20 into holder 50, 
because of the distinct signal produced by strain gauge 45 
encountering a never previously deformed tab 40. Micro 
processor 60 is then programmed to proceed With an eye 
examination only after receiving the appropriate signal from 
strain gauge 45 indicating that an unused prism 20 has been 
inserted into holder 50. 

A preferred Way of con?guring deformable element 40 so 
that its initial deformation produces a distinct signal from 
strain gauge 45 is to mold element 40 With a thin hinge 
connection 41 to prism 20, as best shoWn in the enlarged 
fragmentary vieW of FIG. 10. Initial bending of element 40 
then requires more stress than any subsequent bending of 
element 40, and this in turn exerts a distinctive strain on 
gauge 45 during the initial bending of tab 40. Experiments 
have shoWn that tape, glue, and other reinforcements of an 
already-bent tab 40 do not succeed in restoring tab 40 to its 
initial condition and its initial ability to produce the initial 
strain signal from gauge 45. From this it appears that the 
deformable element and strain gauge combination for a 
prism replacement requirement cannot be easily defeated. 
An advantage of deformable element 40 and strain gauge 

45 is that element 40 is not broken aWay from prism 20 as 
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it is bent during prism insertion. Having a prism element 
break off and leave a separate piece loose Within holder 50 
is undesirable, as likely to interfere With operations of holder 
50. 

Another advantage of deformable element 40 is that it is 
preferably molded integrally With prism 20. Experiments 
have shoWn that polymers having the desired optical prop 
er‘ties for prism 20 can also provide deformable element 40 
so that it co-operates successfully With strain gauge 45, as 
explained above. This helps make prism 20 inexpensive, 
Which in turn is desirable to make its discard and replace 
ment affordable. 

Deformable elements usable in co-operation With a strain 
gauge to determine that a replaced prism has not been 
previously used can also be arranged in other Ways. One 
con?guration We prefer is that the deformable element 
extends in a direction transverse to the direction of insertion 
of prism 20 into holder 50. Changing the direction of the 
path folloWed by prism 20 as it is inserted into holder 50 then 
changes the preferred direction of orientation of any deform 
able element. This in turn Would change the position of 
strain gauge 45. It is also not essential that deformable 
element 40 be a bendable tab, as illustrated. A beam of prism 
resin material could be integrally connected at each of its 
ends to prism 20 and be deformable in a central region 
encountered by a strain gauge. Other variations on deform 
able elements are possible, such as diaphragms or projec 
tions that do not bend as far as illustrated. In addition, there 
are many Ways of ensuring that an initial deformation of a 
molded element exerts a strain on a gauge distinctively 
different from any subsequent deformation of the element. 
For example, a bendable element could have a thin molded 
prism connection that breaks in one region to alloW defor 
mation of another connection that does not break. We prefer 
that any deformable element be integrally molded With 
prism 20, rather than requiring a separate construction 
attached to prism 20. Although separately fabricated ele 
ments could be made to co-operate successfully With a strain 
gauge, separate constructions generally cost more and Would 
tend to increase the cost of prism 20. 

Prism 20 is also improved in several other respects. lt 
preferably has a holloW rear region 18, as best shoWn in 
FIGS. 8 and 9, to reduce the amount of material required and 
simplify the molding requirements for prism 20. Prism 20 is 
also preferably made so that an operator can see or sight 
through prism 20 to guide it as it approaches a cornea of an 
eye. For such sighting purposes, rear face 16 of prism 20 is 
formed With a reticle 17 identifying a sighting center or 
prism axis extending through prism 20. The applanation face 
19 of prism 20, Which is generally ?at, is then provided With 
a small central indent 15 on the optical or sighting axis 
through prism 20. lndent 15 does not internally re?ect light 
to detector 53 and thus produces a small dark spot on the 
front face 19 of prism 20. A vieWer sighting through prism 
20 can then center the dark spot caused by indent 15 Within 
reticle 17 to verify proper alignment of prism 20 as it 
approaches the optical center of a cornea of an eye. lndent 
15 and reticle 17 are each formed integrally With prism 20 
as it is molded so that neither requires any add on parts. 
From the patient’s point of vieW, indent 15 on applanation 
surface 19 appears as a small bright spot. This helps the 
patient ?xate on the center of applanation surface 19 as the 
prism approaches the eye. The prism’s sight-through feature 
for the instrument operator and bright spot ?xation feature 
for the patient, cooperate to help insure accurate coaxial 
alignment of the eye and the prism. 
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6 
We claim: 
1. A system ensuring replacement of a molded resin prism 

used in an applanation tonometer having a microprocessor 
and a holder for receiving the prism in an operating position, 
the system comprising: 

a. the prism being molded to form a bendable tab having 
an initial position extending transversely of a direction 
of insertion of the prism into the holder; 

b. a strain gauge arranged in the holder to engage the tab 
as the prism is being inserted into the holder and before 
the prism reaches the operating position; 

c. the strain gauge being arranged to bend the tab from its 
initial position to a bent position as the prism is moved 
fully into the holder to the operating position; 

d. the strain gauge being arranged to produce a tab 
bending signal delivered to the microprocessor repre 
senting the strain involved in bending the tab from its 
initial position to its bent position; 

e. the tab being con?gured so that a ?rst bending of the tab 
from its initial position to its bent position requires 
more stress than any subsequent bending of the tab 
from its initial position to its bent position; 

f. the microprocessor being programmed to distinguish 
betWeen a tab bending signal from the strain gauge 
representing the ?rst bending of the tab and a tab 
bending signal from the strain gauge representing the 
subsequent bending of the tab; and 

g. the microprocessor being programmed to proceed With 
an eye examination only if a prism inserted into the 
holder causes the strain gauge to produce a tab bending 
signal representing the ?rst bending of the tab. 

2. The system of claim 1 Wherein the prism has a location 
projection that detents in the holder When the prism is in the 
operating position. 

3. The system of claim 1 Wherein an optical axis region of 
an applanation surface of the prism has a small indent. 

4. The system of claim 1 Wherein a rear face of the prism 
has a reticule on an optical axis of the prism. 

5. An applanation tonometer having a microprocessor and 
a prism holder combined With a molded resin prism insert 
able into the holder in a Way that requires prism replacement 
before proceeding With an eye examination, the combination 
comprising: 

a. the prism being molded With an element formed to 
extend transversely of a direction of insertion of the 
prism into the holder; 

b. the element being deformable from an initial position 
to a deformed position as the prism is inserted into the 
holder to reach an operating position Within the holder; 

c. the element being con?gured so that a ?rst deformation 
of the element requires more stress than any sub sequent 
deformation of the element; 

d. the holder including a strain gauge positioned to engage 
and deform the element as the element is inserted into 
the holder; 

e. the strain gauge being arranged to produce a signal 
representing the strain encountered in deforming the 
element as the prism is inserted into the holder; 

f. the microprocessor being programmed to recogniZe the 
strain gauge signal representing the ?rst deformation of 
the element; 

g. the microprocessor being programmed to proceed With 
an eye examination Whenever insertion of a prism into 
the holder causes the strain gauge to produce the signal 
representing the ?rst deformation of the element; and 

h. the microprocessor being programmed not to proceed 
With an eye examination Whenever insertion of a prism 
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into the holder causes the strain gauge to produce a 
signal distinguishably different from the signal repre 
senting the ?rst deformation of the element. 

6. The combination of claim 5 Wherein the prism has a 
locator projection that seats in the holder in a detented 
position When the prism is in its operating position. 

7. The combination of claim 5 Wherein the prism has a 
gripping tab by Which the prism is inserted into the holder. 

8. The combination of claim 5 Wherein an optical axis of 
the prism intersects a reticule on a rear face of the prism and 
an indentation on an applanation surface of the prism. 

9. A method of insuring that a molded resin prism is 
replaced in an applanation tonometer before each eye exami 
nation, the method comprising: 

a. forming prism replacements that each have a tab that is 
initially deformable in response to a predetermined 
stress; 

b. inserting one of the prism replacements into a prism 
holder of the tonometer so that the deformable tab 
engages a strain gauge in the holder and becomes 
deformed by the strain gauge as the prism is moved into 
an operating position Within the tonometer; 

c. arranging the strain gauge to produce a signal repre 
senting the strain encountered in initially deforming the 
tab as the prism is inserted into the holder; 

d. transmitting the strain gauge signal to a microprocessor 
in the tonometer and programming the microprocessor 
to recogniZe the strain gauge signal representing the 
initial deformation of the tab; and 

e. programming the microprocessor to proceed With an 
eye examination only upon receiving the strain gauge 
signal representing the initial deformation of the tab. 

10. The method of claim 9 including programming the 
microprocessor not to proceed With an eye examination and 
to indicate to the tonometer user upon receiving a strain 
gauge signal distinguishably different from the strain gauge 
signal representing initial deformation of the tab. 

11. A method of insuring that an applanation tonometer 
prism is replaced before each examination of a pair of eyes, 
the method comprising: 

a. molding the prism of resin With a deformable element 
that is deformable to a predetermined extent Without 
breaking aWay from the prism; 

b. con?guring the deformable element to have an initial 
resistance to an initial deformation to the predeter 
mined extent and a reduced resistance to any subse 
quent deformation to the predetermined extent; 

c. arranging a strain gauge Within the tonometer to mea 
sure deformation resistance of the deformable element; 

d. arranging the strain gauge to produce a strain signal 
delivered to a microprocessor in the tonometer as 
representative of the deformation resistance of the 
deformable element; and 

e. programming the microprocessor to proceed With the 
examination of the pair of eyes only When the strain 
signal coincides With the strain representing the initial 
resistance. 

12. The method of claim 11 including programming the 
microprocessor not to proceed With the examination of the 
pair of eyes and to indicate to the tonometer user When the 
strain signal the distinguishably differs from the strain 
representing the initial resistance. 

13. A tonometer and applanation prism combined to 
ensure replacement of the prism before proceeding With 
examination of a pair of eyes, the combination comprising: 
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a. the prism having a deformable element con?gured to 

have a larger resistance to an initial deformation and a 
smaller resistance to a subsequent deformation; 

b. the tonometer having a strain gauge arranged to cause 
deformation of the deformable element as the prism is 
inserted into the tonometer; 

c. a microprocessor in the tonometer receiving a defor 
mation signal from the strain gauge and being pro 
grammed to recogniZe an initial deformation signal 
corresponding to the strain encountered during the 
initial deformation of the deformable element; and 

d. the microprocessor being programmed to proceed With 
the examination of the pair of eyes only upon receiving 
the initial deformation signal. 

14. The combination of claim 13 Wherein the deformable 
element is a bendable tab oriented transversely to a direction 
of insertion of the prism into the tonometer. 

15. The combination of claim 13 Wherein the deformable 
element is con?gured not to break aWay from the prism. 

16. The combination of claim 13 Wherein the prism 
includes a location projection that snap ?ts into a seated 
position When the prism is in an operating position Within 
the tonometer. 

17. A disposable molded resin prism usable in an appla 
nation tonometer, the prism comprising: 

a. a bendable tab formed of the molded resin of the prism 
to extend from a body of the prism; 

b. the tab being con?gured to be bent from an initial 
position to a bent position as the prism is inserted into 
the tonometer; 

c. the tab being formed to survive bending Without 
breaking off from the prism body during insertion of the 
prism into the tonometer and removal of the prism from 
the tonometer for disposal; and 

d. the tab being formed to have a resistance to an initial 
bending that is larger than any resistance of the tab to 
a subsequent bending. 

18. The prism of claim 17 Wherein the tab is formed With 
a thin hinge line alloWing the tab to bend. 

19. The prism of claim 17 Wherein the tab extends from 
a non-optical surface of the prism body. 

20. A tonometer applanation prism and prism holder 
comprising: 

the prism being molded of resin material and having a 
positioning projection extending approximately in a 
direction of insertion of the prism into the holder; 

the positioning projection and holder being con?gured to 
interact in a detent that engages as the prism reaches an 
operating position Within the holder; and 

the detent betWeen the positioning projection and the 
holder being effective When engaged to hold the prism 
against WithdraWal from the operating position; 

the positioning projection is con?gured to ?ex as the 
positioning projection engages the detent; 

?exing of the positioning projection Within the holder as 
the detent engages draWs the prism into engagement 
With an emitter and a detector in the holder; and 

the positioning projection is arranged to be manually 
?exed to release the engaged detent, Which causes the 
prism to spring back to a position short of the operating 
position. 


